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<§) A latch Is provided in association with each non- 
votatlte memory element used to store configuration 
Information on a programmable logic device, in nor* 
mal use. configuration information is written to the 
non-volatile memory elements in the usual manner. 
However, during testing configuration information is 
written only to the latches associated with the non- 
volatile memory elements. The latches place the 
data stored therein onto the same architecture bit 



line used by the non-volatile memory elements, al- 
lowing chip configuration testing to be performed 
without actually writing to the non-volatile memory 
elements. The latches can be written to at a much 
faster speed than the non-volatiie memory elements 
can be programmed, greatly decreasing the time 
needed for full testing of the programmable logic 
device. 
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TEST LATCH C8RCUIT 



Th present invention is related generally to 
integrated circuits, and more specificaily to circuits 
included on integrated circuit devices for testing 
purposes. 

It is usually desirable to increase the number of 
logical functions performed on a single integrated 
drcuit chip. This allows for the replacement of 
several integrated circuit devices by a single de- 
vice, thereby decreasing system cost. Other bene- 
fits also accrue, typically including lower system 
power consumption and improved performance. 

Custom chip design is relatively e)(pensive, 
and design changes are often difficult. Of increas- 
ing popularity within the electronics industry has 
been the use of integrated circuit chips which are 
programmable by the* system designer or end user. 
These devices ara referred to generally as prog- 
rammable logic devices (PLDs). With these de- 
vices, the user can tailor operation of a general 
purpose commodity device to this specrfic needs. 

One common type of PLD includes an AND- 
OR array. This array is programmed to provide 
desired logic functions. Programmable input and 
output buffers are also provided on many such 
devices. A programmable logic device is config- 
ured by writing data into architecture bits, also 
known as configuration bits, on the chip. These bits 
are used to select from various functions which are 
available on the device. 

Configuration bits can be used, for example, to 
define a pin on an integrated circuit chip as an 
output pin or an input pin. An input or output pin 
can be defined as active high or active low. In 
general, the configuration bits are used to program 
the behavior of the programmable logic device. 
These bits are stored on the chip in non-volatile 
memory. Since tine configuration information is writ- 
ten into non-volatile memory, it can be written to 
the chip by the user, and tiie chip will retain its 
desired configuration. 

The configuration bits allow the programmable 
logic device to be programmed to operate in any of 
several configurations. Chip manufacturers prefer 
to test ail possible configurations to ensure proper 
chip function before shipping the completed de- 
vices to users and resellers. This means that dur- 
ing testing, the configuration bits must bo reprog- 
rammed for each possible configuration. Typically, 
all configuration bits must b cleared prior to pro- 
gramming a n w configuration to be tested. 

The configuration information is typically stored 
in EEPROM. altiiough EPROMs and PROMs are 
also used. With EEPROMs, clear and program 
times are typically on the order of a few millisec- 
onds. This means that, for example, 30-50 ms 



would be needed just to reprogram the configura- 
tion bits on a device having 9 or 10 different 
configurations. 

The delay inherent in programming tine con- 

5 figuration bits adds greatiy to the total time re- 
quired for chip testing. This adds to die overall cost 
of the programmable logic device, if it is necessary 
to minimize cost and tester time, it is sometimes 
necessary to test only a few of the possible con- 

TO figurations of each device. 

It would be desirable to provide a mechanism 
which minimized test time while still allowing full 
testability of all device configurations. It is also 
desirable that such a mechanism does not ad- 

76 versely affect normal configuration programming 
and operation of the device. 

It is therefor an object of the present invention 
to provide a circuit for use with configuration bit 
storage on programmable logic devices which 

20 greatiy decreases the testing time thereof. 

It is a further object of the present invention to 
provide such a circuit which is usable with different 
types of non-volatile memory ceils. 

It is another object of the present invention to 

25 provide such a circuit which is simple and requires 
only a small amount of layout area on an integrated 
drcuit chip. 

It is yet another object of the present invention 
to provide such a circuit which does not interfere 
30 with normal operation and programming of the de- 
vice. 

Therefore, according to the present invention, a 
latch is provided in association with each non- 
volatile memory element used to store configura- 

35 tion information on a programmable logic device. In 
normal use, configuration information is written to 
the non-volatile memory elements in the usual 
manner. However, during testing configuration in- 
formation is written only to the latches associated 

40 with the non-volatile memory elements. The latches 
place the data stored therein onto the same ar- 
chitecture bit line used by the non-volatile memory 
elements, allowing chip configuration tasting to be 
performed without actually writing to ttie non-vola- 

46 tile memory elements. The latches can be written 
to at a much faster speed tiian the non-volatile 
memory elements can be programmed, greatiy de- 
creasing the time needed for full testing of the 
programmable logic devic . ; 

50 The novel features believed characteristic of 
th invention are set forth in the appended claims. 
The invention itself however, as well as a preferred 
mode of use, and further obtects and advarttages 
thereof, will best b understood by reference to the 
following detailed descnption of an illustrative em- 
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bodiment when read in conjunction with the accom- 
panying drawings, wherein: 

Rgure 1 is a block diagram illustrating opera- 
tion of a prior art non-volatile memory element 
used for storing configuration information in a 
programmable logic device; 
Rgure 2 is a block diagram of a single bit non- 
volatile memory element used for storing con- 
figuration information according to the present 
invention; and 

Figure 3 is a schematic diagram showing de- 
tails of a preferred embodiment of the circuitry 
illustrated in Rgur® 2. 

Figure 1 illustrates a prior art circuit typically 
used in various kinds of programmable logic de- 
vices. The circuit includes a non-volatile memory 
element 10, which is typically an EEPROM, Other 
types of non-volatile memory, such as EPROMs 
and PROMs are also suitable for use with the 
present invention. The memory element 10 is pro- 
grammed in a known manner through the use of 
field effect transistor 12. When the memory ele- 
ment 10 is programmed, a voltage con'esponding 
to a logical G or logical 1 is applied to the signal 
BIAS. The signal PROGRAM is raised to turn on 
th transistor 12 and transfer the value of BIAS into 
the memory element 10. 

The value stored in the non-volatile memory 
element 10 is available to the remainder of the 
circuitry on the device as the signal ARCH BIT. 
This signal is used by the remainder of the cir- 
cuitry to determine operation of programmable por- 
tions of the device, being used for example, at the 
control inputs of multiplexers. Since the memory 
element 10 is non-volatile, the value stored therein 
remains until it Is reprogrammed. 

Many device architectures require that ail non- 
volatile memory elements on the chip be first 
cleared, and then programmed. This requires two 
program cycles to complete. Since each memory 
element 10 must be cleared and programmed for 
each different configuration which must be tested, 
the time required for reconfiguring the device is 
quite long. In many instances, the time required to 
configure the device by programming the non- 
volatile memory elements 10 can be 50% or more 
of the total testing time. 

Referring to Figure 2, a circuit for decreasing 
the test time of programmable logic devices is 
shown. A non-volatile memory element 20 is pro- 
grammed by the proper application of signals to 
programming transistor 22 as described in connec- 
tion with Rgure 1. The PROGRAM signal is used 
to apply the value of the BIAS signal to the non- 
volatile memory element 20 by turning on transistor 
22. 

A latch 24 is connected to the non-voladle 
memory el ment 20, and to a transistor switch 26. 



Transistor 26 is switched on or off according to th 
value of the signal SET. and conn cts the value of 
the signal BIAS to the latch 24. 

Latch 24 is used only during t sting of the 
s programmable logic device. During testing, the val- 
ue stored in the latch 24 provides the signal ARCH 
BIT. During normal programming and operation of 
the device, the value stored in non-volatile memory 
element 20 defines the signal ARCH BIT. and the 
70 latch 24 has no effect. 

Latch 24 is a volatile device, and data can be 
stored thereon at much faster speeds than Is possi- 
ble for the memory element 20, Using current 
technology, data may be written to latch 24 in 
;3 approximately 10-20 nanoseconds, while memory 
element 20 typically requires a write time of 1-2 
milliseconds. This reduces the overall testing time 
of the device dramatically, while still providing 
complete testing of all possible configurations. 
20 The latch 24 may be designed in any of a 
number of different ways, and a preferred embodi- 
ment is shown in Figure 3. The non-volatile mem- 
ory element 20 contains a non-volatile memory cell 
30 as known in the art. Memory element 20 in- 
25 eludes an output stage containing an inverter 32 
and a pull-up transistor 341. Transistor 34 is prefer- 
ably a depletion mode device connected as shown 
in order to provide a resistive load. The output of 
inverter 32 provides the signal ARCH BIT. 
30 The addition of feedback transistor 36 to the 

output stage of memory element 20 forms the latch 
24. The gate of transistor 36 is connected to the 
output of the inverter 32, and transistor 36 acts as 
a switch between node 38 and ground. Program- 
as ming transistor 26 is also connected to node 38, 
and couples the voltage of BIAS thereto when the 
signal SET is high. 

During testing, if BIAS is 0 volts and set is 
high, node 38 is at ground potential. This causes 
40 the output of inverter 32 to be high, turning on 
transistor 36 and connecting node 38 to ground 
through transistor 36. Even after transistor 26 is 
turned off, node 38 is held at ground potential 
through transistor 36. 
46 If BIAS is at a high voltage during testing, and 
set is high, node 38 is also high. This drives the 
output of inverter 32 to ground potential, turning off 
transistor 36. When transistor 26 is turned off after 
the test cycle is completed, node 38 wilt remain at 
so voltage Vcc (high). Thus, it is seen that the BIAS 
voltage applied to node 38 remains stored in the 
latch defined by transistors 34, 36. and inverter 32. 

When testing the programmabi logic device, 
the non-volatile m mory cell 30 should b s t to a 
55 state which does not affect the voltage on node 38. 
Menrwry cell 30 is programmed off, which is re- 
flected as a logical 0 on ARCH BfT. If the voltage 
on node 38 is driven low by th signal BIAS during 
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test programming, it will stay low as described 
above because transistor 36 will be ON, 

During normal operation, the voltage on node 
38 is determined by th value stored in non-volatile 
memory call 30. This value is inverted in inverter 
32 and available as the signal ARCH BIT. Since 
transistor 36. in concert with load transistor 34, acts 
as an inverter, transistor 36 has no effect on the 
normal operation of memory cell 20. 

The embodiment described in Figure 3 adds 
only two transistors to the circuitry nomially re- 
quired. These are the feedback transistor 36 and 
the test programming transistor 26. This small 
space penalty allows extremely fast testing of the 
programmable logic device, which greatly reduces 
testing time. The latch 24 may be implemented 
using other circuitry, as will become apparent to 
those skilled in the art The design of the latch 24 
will be, in part, dictated by the design of the non- 
volatile memory cell 30. The only requirement for 
such latch 24 is that its value determines the value 
of ARCH BIT during testing, and that it has no 
effect on normal operation of the device. 

^NhWe the Invention has been particularly 
shown and described with reference to a preferred 
embodiment it will be understood by those skilled 
in the art that various changes in form and detail 
may be made therein without departing from the 
spirit and scope of the invention. 



Claims 

1. A test circuit for use in an integrated circuit 
device, comprising: 

an output signal line coupled to said non-volatile 
memory element 

a latch coupled to said output signal line; and 
means for setting a value for said latch during 
testing, wherein a value of said outut signal line is 
determined by the latch value during testing, and 
wherein the output signal line value is determined 
by a value of said non-volatile memory element 
except during testing. 

2. The device of Claim 1, wherein said latch value 
setting means comprises a transistor switch con- 
nected to S2ud latch and to a programmed bit 
value, said switch being controlled by a test pro- 
gramming signal. 

3. The device of Claim 2. wherein the programmed 
bit value is also coupled to said non-volatile mem- 
ory element wherein said non-volatite device is 
programmed during a nonnai programming by th 
programmed bit vaiu . 

4. The device off Claim 3, wherein the programmed 
bit value is coupled to said non-votatilQ memory 
element through a second transistor switch, said 
second switch being controlled by a normal pro- 



i 

gramming signal. 

5. The d vice of Claim 1, wherein said non-volatile 
memory element comprises: 

a memory storage cell; aiKt 
s an output stage having an inv rter and a pullup 
load element at an input to the inverter, wherein an 
output of the inverter is connected to the output 
signal line. 

6. The device of Claim 5, wherein said latch com- 
70 prises: 

a transistor switch connected between the inverter 
input and ground, and having a control input con- 
nected to the inverter output 

7. A method for programming a configuration bit 
rs during testing of an integrated circuit comprising 

the steps of: 

providing a non-volatile memory element and a 
latch connected to a configuration bit signal line; 
during testing, setting a value in the latch to control 
20 a value of the configuration bit signal line; and 

otherwise, controlling the value of the configuration 
bit signal line by a value stored in the non-volatile 
memory element 



4 



EP 0 420 388 A2 



Fig. /. 

(PRIOR ART) 



10- 



PROGRAM 



BIAS 



NONVOLATILE 

MEMORY 
- ELEMENT 


[ 









12 



■OARCH BIT 



20. 



X 



Fig. 2, 



NONVOLATILE 
MEMORY 
ELEMENT 



PROGRAM- 

SET' 
BIAS 



22 



,24 



LATCH 



26 



-OARCH BIT 



EP 0 420 388 A2 



Hg.l 

{PRIOR ART) 



10- 



PROGRAM 



BIAS 



-12 



NONVOLATILE 

MEMORY 
- ELEMENT 


[ 









OARCH BIT 



20. 



1 



NONVOLATILE 
MEMORY 
ELEMENT 



PROGRAM- 

SET 
BIAS 



22 



,24 



LATCH 




26 



O-ARCH BIT 



5 



